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Running title: Modestobacter italicus, sp. nov. and emended descriptions. 25 
 26 
The journal’s contents category (New taxa-Actinobacteria) 27 
The GenBank/EMBL/DDBJ whole-genome sequence accession number of strain BC 501T=DSM 28 
44449T=CECT 9708T is FO203431. The GenBank/EMBL/DDBJ 16S rRNA gene sequence 29 
accession number is MK020151.  30 
 31 
 32 
 33 
A Gram reaction-positive, aerobic bacterial strain showing coccoid cells and designated as BC 34 
501T was isolated from a black patina of Carrara marble block surface in the Gioia quarry in 35 
Tuscany, Italy. A polyphasic study was carried out to clarify the taxonomic status of strain BC 36 
501T within the evolutionary radiation of the genus Modestobacter. Phenotypic and genotypic 37 
characteristics as well as phylogenetic distinctiveness confirmed that it represents a novel species 38 
in the genus Modestobacter, for which the name Modestobacter italicus sp. nov.  is proposed. The 39 
type strain is BC 501T (= DSM 44449T= CECT 9708T). Emended descriptions of the genus 40 
Modestobacter and the species Modestobacter marinus, Modestobacter multiseptatus, 41 
Modestobacter roseus and Modestobacter versicolor are also proposed. 42 
 43 
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 45 
The genus Modestobacter [1], of the family Geodermatophilaceae [2], encompasses seven validly 46 
named species: Modestobacter multiseptatus [1], as the type species, Modestobacter caceresii [3], 47 
Modestobacter lapidis [4], Modestobacter marinus [5], Modestobacter muralis [4], Modestobacter 48 
roseus [6], and Modestobacter versicolor [7] and an effectively published species ‘Modestobacter 49 
lacusdianchii’ [8]. Representatives of the genus are recognised by a combination of chemotaxonomic, 50 
morphological and physiological properties [3] and can be distinguished from other genera in 51 
Geodermatophilaceae by 16S rRNA phylogenetic inference [8] and their polar lipids profiles [9]. 52 
Representatives of Geodermatophilaceae are well known for their tolerance to oxidative stress and 53 
hence well adapted to harsh environmental conditions [3, 10, 11, 12, 13]. Species in Modestobacter 54 
were mainly isolated from oligotrophic ecosystems such as Antarctica [1], desert soils [3], deep sea 55 
sediments [5] or deteriorated sandstones [4], although some were also recovered from others 56 
environments such as biocrusts [7], plants roots [6] and algae mats [8].  57 
Monuments and rocks surfaces exposed both indoor and outdoor are peculiar and poorly studied 58 
habitats inhabited by a wide range of Gram-positive strains belonging to the class Actinobacteria [14] 59 
frequently classified as representing novel taxa [15, 16, 17, 18]. Strain BC 501T was isolated from a 60 
Carrara marble block at Gioia quarry in Tuscany, Italy [19]. Urzì et al. [19] already showed that it 61 
clustered into the genus Modestobacter. In particular, strain BC 501T showed distinctive 62 
characteristics compared to the only, at that time, described species M. multiseptatus and hence the 63 
authors proposed that it should be considered as a new species. Later on Gtari et al. [12] and Sghaier 64 
et al. [13] revealed the differential adaptation to stress associated with arid environment in 65 
Geodermatophilaceae and its correlation to colonization patterns observed, and misnamed the strain 66 
BC 501T as M. multiseptatus. Normand et al. [20] renamed this strain as M. marinus on the basis of 67 
the high percentage of similarity (99.5 %) between the 16S rRNA gene sequences of strain BC 501T 68 
and the M. marinus type strain described by Xiao et al. [5]. However, several phenotypic and 69 
genotypic differences lead us to still confirm that strain BC 501T is a new species within the genus 70 
Modestobacter. This paper therefore aims, through a polyphasic approach, the taxonomic 71 
characterisation of strain BC 501T as the type strain of a novel species in the genus Modestobacter, 72 
to be named M. italicus. In addition, based on new chemotaxomic data obtained during the course of 73 
this work, we propose the emendation of the genus Modestobacter and species M. marinus, M. 74 
multiseptatus, M. roseus and M. versicolor. 75 
Cultural features of strain BC 501T were tested on GYM Streptomyces medium (DSMZ medium 65), 76 
PYGV medium (DSMZ medium 621), and Luedemann’s medium (DSMZ medium 877). 77 
Morphological characteristics were examined in GYM Streptomyces broth (DSMZ medium 65), 78 
shaken (180 r.p.m.) at 28 °C for 4 days by optical microscopy (Zeiss AxioScope A1) with a 100-fold 79 
magnification and phase-contrast illumination. Gram reaction was carried out by the KOH test 80 
described by Gregersen [21]. Phenotypic profiles of strain BC 501T and the reference strains M. 81 
caceresii KNN 45-2bT, ‘M. lacusdianchii’ KCTC 39600, M. lapidis MON 3.1T, M. marinus DSM 82 
45201T, M. multiseptatus DSM 44406T, M. muralis MDVD1T, M. roseus DSM 45764T and M. 83 
versicolor DSM 16678T grown on GYM Streptomyces agar plates at 28 °C for 4 days were 84 
comparatively analysed in duplicate using GEN III Microplates in an Omnilog device (BIOLOG Inc., 85 
Hayward, CA, USA) at 28 °C. Cell suspensions were prepared in a viscous inoculating fluid (IF C) 86 
provided by the manufacturer at 83 % transmittance (T) for all strains except for ‘M. lacusdianchii’ 87 
that was at 95 % T. Data were exported and analysed using the opm package for R v.1.0.6 [22, 23]. 88 
Reactions with a distinct behaviour between the two replicates were regarded as ambiguous. 89 
Additional phenotypic data including temperature, pH and salt ranges were already determined by 90 
Urzì et al. [19]. Those were added here to the protologue for completion of the characterisation of the 91 
novel species. 92 
For all chemotaxonomic tests except fatty acids analysis, strains were cultivated in GYM 93 
Streptomyces broth, shaken (180 r.p.m.) at 28 °C for 7 days, and, consequently, cell material was 94 
collected and freeze-dried. Whole-cell amino acids and sugars were prepared according to 95 
Lechevalier & Lechevalier [24], followed by thin-layer chromatography (TLC) analysis [25]. The 96 
composition of peptidoglycan hydrolysates (6 N HCl, 100 ºC for 16 h) was analysed by TLC on 97 
cellulose plates as described by Schleifer & Kandler [26]. Menaquinones (MK) were extracted using 98 
the procedures of Collins et al. [27] and analysed by high-performance liquid chromatography 99 
(HPLC) [28]. Polar lipids were extracted and then identified by two-dimensional TLC as described 100 
by Minnikin et al. [29] with modifications proposed by Kroppenstedt & Goodfellow [30]. Moreover, 101 
choline-containing lipids were detected by spraying with Dragendorff’s reagent (Merck Millipore, 102 
102035) [31]. For analysis of cellular fatty acids, strains were grown on PYGV (Peptone-Yeast 103 
extract-Glucose-Vitamins; DSM medium 621) agar plates for 16 days at 20 °C and biomass from the 104 
last quadrant streak was harvested. The extraction and identification of fatty acids methyl esters were 105 
obtained following the protocol described by Sasser [32] and using the Microbial Identification 106 
System (MIDI) Sherlock Version 6.1 (method TSBA40, ACTIN6 database). The annotation of the 107 
fatty acids in the ACTIN6 peak naming table is consistent with IUPAC nomenclature (i.e. double 108 
bond positions identified with reference to the carboxyl group of the fatty acid), but for consistency 109 
with other publications this has been altered to numbering from the aliphatic end of the molecule (i.e. 110 
C16:1 CIS 9 becomes C16:1 ω7c and C17:1 CIS 9 becomes C17:18c). 111 
Genomic DNA extraction, PCR-mediated amplification of the 16S rRNA gene, and purification of 112 
the PCR product were carried out as described by Rainey et al. [33]. The taxonomic affiliation of 113 
strain BC 501T was determined based on its 16S rRNA sequence using EZBioCloud 114 
(http://www.ezbiocloud.net/taxonomy)[34]. Phylogenetic analyses were conducted under maximum-115 
likelihood (ML) and maximum-parsimony (MP) as optimality criteria using RAxML version 7.2.8 116 
[35] and PAUP* 4b10 [36] using the bootstopping criterion [37] as implemented in RAxML and 1000 117 
replicates in the case of PAUP* as previously described [38] using the DSMZ phylogenomics pipeline 118 
[39] adapted to single genes integrated in the GGDC web server [40] available at 119 
http://ggdc.dsmz.de/. The rooting of the inferred tree was determined by the midpoint method [41]. 120 
Pairwise similarities were calculated as recommended by Meier-Kolthoff et al. [42] for the 16S rRNA 121 
gene available via the GGDC web server. For DNA-DNA hybridization tests, cells of strains BC 501T 122 
and Modestobacter marinus DSM 44509T was disrupted by using a Constant Systems TS 0.75 KW 123 
(IUL Instruments, Germany). DNA in the crude lysate was purified by chromatography on 124 
hydroxyapatite as described by Cashion et al. [43]. Wet lab DNA-DNA hybridization was carried out 125 
as described by De Ley et al. [44] under consideration of the modifications described by Huss et al. 126 
[45] using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 127 
6x6 multicell changer and a temperature controller with in situ temperature probe (Varian). The 128 
digital DNA–DNA hybridization (dDDH) values between the genome of strain BC 501T [20] and 129 
genomes of M. caceresii DSM 101691T, ‘M. lacusdianchii’ KCTC 39600 (Montero-Calasanz et al., 130 
unpublished data), M. muralis DSM 100205T (Sangal and Goodfellow, unpublished data), M. roseus 131 
DSM 45764T and M. versicolor DSM 16678T (Sangal and Goodfellow, unpublished data) were 132 
calculated using the genome-to-genome distance calculator, GGDC 2.0 [40, 46]. 133 
 134 
Strain BC 501T was a Gram-reaction-positive actinobacterium. Young colonies were light red-135 
coloured and turned to black at maturity. Colonies were convex, nearly circular and opaque with a 136 
moist surface and an entire margin. Cell morphology was characterized by non-motile cocci of 1-1.5 137 
µm diameter tending to form aggregates as described for the genus Modestobacter [1]. Bud 138 
formations were occasionally observed. Strain BC 501T grew well on GYM Streptomyces, PYGV 139 
and Luedemann’s media. As indicated by Urzì et al. [19], it tolerated temperature ranging from 26 to 140 
37 °C with an optimum at 30 °C. Growth occurred at 1 % NaCl, but not at 3-8 % NaCl, and between 141 
pH 5.0-10.0 with an optimal pH range of 8.5. A summary of selected differential phenotypic 142 
characteristics is presented in Table 1. Full GEN III phenotype is shown as a heatmap in 143 
Supplementary Fig. 1. 144 
Whole-cell hydrolysates of strain BC 501T contained meso-diaminopimelic acid (cell wall type III) 145 
[24], which is consistent with the affiliation to the family Geodermatophilaceae [46]. Whole-cell 146 
sugar analysis of strain BC 501T revealed ribose, arabinose, mannose, glucose, and galactose as 147 
diagnostic sugar. A similar pattern was also observed for M. roseus DSM 45764T, although in the 148 
original species description by Qin et al. [6] just the presence of ribose, glucose, and galactose was 149 
noted. Similarly, the whole-cell extracts of M. versicolor DSM 16678T revealed the presence of 150 
ribose, glucose, galactose, rhamnose, and traces of mannose. The presence of rhamnose was already 151 
described by Busarakam et al. [3] for M. caceresii. The absence of galactose was observed in the 152 
sugars profile of M. marinus DSM 45201T, and M. multiseptatus DSM 44406T, contrarily to the 153 
whole-cell sugars pattern outlined by Mevs et al. [1]. In addition, traces of ribose and mannose were 154 
also identified for M. marinus DSM 45201T and M. multiseptatus DSM 44406T, respectively.  155 
Predominant menaquinone (> 50 %) was MK-9(H4) (73.7 %) in accordance with data reported for 156 
the family Geodermatophilaceae [2, 9, 47], but MK-8(H4) (7.3 %) and MK-9(H2) (1.9 %) were also 157 
detected. MK-8(H4) (9.9 %) was besides observed in M. roseus DSM 45764T but not in M. 158 
multiseptatus DSM 44406T, contrarily to the data shown by Mevs et al. [1]. MK-9(H2) (11.5 %) was 159 
identified in M. versicolor DSM 16678T. The presence of MK-9 was otherwise detected in significant 160 
amounts in M. versicolor DSM 16678T (21.2 %), M. roseus DSM 45764T (5.4 %), and M. marinus 161 
DSM 45201T (4.7 %).  Menaquinone MK-10(H4) was, in addition, a minor component (1.4 %) in the 162 
menaquinones profile of M. marinus DSM 45201T. The presence of MK-9(H6) (35.8 %) already 163 
described by Mevs et al. [1] for M. multiseptatus DSM 44406T was also confirmed in this study. 164 
Major cellular fatty acids (>5 %) of strain BC 501T were iso-C16:0 (32.8 %) and C18:19c (17.4 %) in 165 
agreement with the major fatty acids observed for other species in the genus under standardised 166 
conditions (See Supplementary Table S1 for full profiles). Diphosphatidylglycerol, 167 
phosphatidylinositol, glycophosphatidylinositol and phosphatidylethanolamine were the major polar 168 
lipids of strain BC 501T with their chromatographic mobility documented in Figure 1a. In addition, 169 
an unidentified aminolipid and three unidentified lipids were also detected. This is in accordance with 170 
the chromatographic profiles observed in this study for the references strains (Fig1b-e) and what was 171 
described by Qin et al. [6] for the genus Modestobacter. Distinctive taxonomic features can be 172 
nevertheless observed between species. The presence of glycophosphatidylinositol (annotated as 173 
phosphatidylinositol mannoside (PIM) by Qin et al. [6], Trujillo et al. [4] and Busarakam et al. [3]) 174 
is a common characteristic observed in the chromatographic profiles of all the species, except for M. 175 
multiseptatus DSM 44406T, in which it switches to an unidentified glycolipid. Similar change was 176 
already observed in other species belonging to the family Geodermatophilaceae [9, 47]. In addition, 177 
it is worth mentioning the chromatographic pattern formed by phosphatidylinositol, an unidentified 178 
phospholipid and glycophosphatidylinositol (annotated as phosphatidylinositol mannoside by other 179 
authors) previously revealed by Trujillo et al. [4] and Busarakam et al. [3] for the species M. muralis, 180 
M. lapidis and M. caceresii is common to M. marinus DSM 45201T and M. versicolor DSM 16678T.  181 
 182 
Based on the complete (1508 bp) 16S rRNA gene sequence (GenBank/EMBL/DDBJ accession 183 
number MK020151) and both Maximum Likelihood and Maximum Parsimony estimations, strain 184 
BC 501T was placed within a phylogenetic group containing type strains of all effectively published 185 
species of the genus Modestobacter with very high support (Fig. 2). The 16S rRNA gene sequence 186 
showed the highest similarity with the homologous genes of M. caceresii KNN 45-2bT (99.8 %), M. 187 
marinus 42H12-1T (99.6 %), M. roseus KLBMP 1279T (99.6 %), M. versicolor CP153-2T (99.5 %), 188 
M. muralis MDVD1T (99.3 %), ‘M. lacusdianchii’ JXJ CY 19 (99.3 %), M. lapidis MON 3.1T (98.7 189 
%), and M. multiseptatus AA-826T (98.6 %). Meier-Kolthoff et al. [41] tied Actinobacteria-specific 190 
16S rRNA threshold of 99.0 % with 1.0 % as maximum probability of error, to DNA–DNA 191 
hybridization (DDH) values above  the 70 % threshold  required to assign a given strain to a new 192 
species [48]. Based on that argument, in silico DDH values with the type strains of M. caceresii, M. 193 
marinus, M. roseus, M. versicolor, M. muralis, and the proposed type strain of ‘M. lacusdianchii’ 194 
were determined and corresponded to 26.4 %, 40.6 ± 4.2 % (wet DDH),  25.7 %, 30.6 %, 26.3 %, 195 
and 27.5 %,  respectively. The G+C content of the DNA of strain BC 501T was 74.1 % (Normand et 196 
al., 2012).  197 
The 16S rRNA gene sequence and digital DNA–DNA relatedness together with some physiological 198 
and chemotaxonomic differences (Table 1) clearly warrant the proposal of a novel species to 199 
accommodate strain BC 501T, for which the name Modestobacter italicus sp. nov. is proposed. 200 
Based on a review of the literature and new data obtained in this study, emended descriptions of the 201 
genus Modestobacter and the species M. marinus, M. multiseptatus, M. roseus and M. versicolor were 202 
also provided.  203 
Emended description of the genus Modestobacter Mevs et al. 2000 emend. Reddy et al. 2007 204 
emend. Xiao et al. 2011 emend. Qin et al. 2013 205 
The properties are as given by Mevs et al. (2000) and emended by Reddy et al. (2007), Xiao et al. 206 
(2011), and Qin et al. (2013) with the following emendations regarding chemotaxonomic properties. 207 
The diagnostic diamino acid is, as previously described, meso-diaminopimelic acid. The basic polar 208 
lipids profile involves diphosphatidylglycerol, phosphatidylethanolamine, and phosphatidylinositol. 209 
The presence of unidentified compounds like a glycophospholipid (alternatively a glycolipid), 210 
phospholipids, aminophospholipids, lipids, and aminolipids is frequent. The characteristic whole-cell 211 
sugar pattern consists of ribose and glucose. The presence of arabinose, mannose, rhamnose, and 212 
galactose is variable. The predominant menaquinone is usually MK-9(H4) but MK-9(H6) could 213 
appear as the primary menaquinone in some species. MK-8(H4), MK-9, MK-9(H2), and MK-10(H4) 214 
may also be present. 215 
The type species is Modestobacter multiseptatus.  216 
Emended description of Modestobacter marinus Xiao et al. 2011 217 
The properties are as given in the species description by Xiao et al. 2011 with the following 218 
emendation. In addition to diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol,  219 
phosphatidylglycerol, and the unidentified aminophospholipid listed by Xiao et al. 2011, the polar 220 
lipids profile contains an unidentified glycophospholipid and an unidentified phospholipid (the 221 
chromatographic mobility of which are documented in Fig. 1b). The whole-cell sugars consist of 222 
arabinose, mannose, glucose, and traces of ribose. The predominant menaquinone is MK-9(H4) but 223 
MK-9 and MK-10(H4) are present as minor components.  224 
The type strain is 42H12-1T = DSM 45201T = CGMCC 4.5581T 225 
Emended description of Modestobacter multiseptatus Mevs et al. (2000) emend. Reddy et al. 2007 226 
The properties are as given in the species description by Mevs et al. (2000) and emended by Reddy 227 
et al. (2007) with the following emendation. In addition to diphosphatidylglycerol, 228 
phosphatidylethanolamine, and phosphatidylinositol listed by Reddy et al. 2007, an unidentified 229 
glycolipid, two unidentified aminolipids, and three unidentified lipids are present (the 230 
chromatographic mobility of which is documented in Fig. 1c). Phosphatidylglycerol listed by Reddy 231 
et al. (2007) is absent. In addition to glucose and ribose listed by Mevs et al. (2000), the whole-cell 232 
sugars consist of traces of mannose. The presence of galactose, as listed by Mevs et al. (2000), was 233 
not detected. MK-9(H4) and MK-9(H6) are the predominant menaquinones, MK-8(H4) listed by Mevs 234 
et al. (2000) is absent.  235 
The type strain is AA-826T = CIP 106529T = DSM 44406T = JCM 12207T 236 
 237 
Emended description of Modestobacter roseus Qin et al. 2013 238 
The properties are as given in the species description by Qin et al. (2013) with the following 239 
emendation. In addition to diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol 240 
and, phosphatidylinositol mannoside (annotated here as glycophosphatidylinositol) listed by Qin et 241 
al. (2013), the polar lipids profile contains phosphatidylglycerol, an unidentified aminolipid, and two 242 
unidentified aminophospholipids (the chromatographic mobility of which is documented in Fig. 1d). 243 
The two unidentified aminophospholipids listed by Qin et al. (2013) were absent. In addition to 244 
ribose, glucose, and galactose listed by Qin et al. (2013), the whole-cell sugars consist of arabinose 245 
and mannose. MK-9(H4) is the predominant menaquinone but MK-9 and MK-8(H4) are present as 246 
minor components. The genomic G+C content is 74.5 %. The genome size is 4.5 Mbp. 247 
The IMG accession number for the whole genome sequence of the type strain DSM 45764T is 248 
2585427561. 249 
 250 
The type strain is KLBMP 1279T = KCTC 19887T = NBRC 108673T = DSM 45764T 251 
 252 
Emended description of Modestobacter versicolor Reddy et al. 2007 253 
The properties are as given in the species description by Reddy et al. (2007) with the following 254 
emendation. In addition to diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, 255 
and phosphatidylinositol listed by Reddy et al. (2007) and Xiao et al. (2011), the polar lipids profile 256 
contains an unidentified phospholipid, glycophosphoinositol, and four unidentified lipids (the 257 
chromatographic mobility of which are documented in Fig.1e). The whole-cell sugars consist of 258 
rhamnose, ribose, glucose, galactose, and traces of mannose. MK-9(H4) is the predominant 259 
menaquinone, but MK-9 and MK-9(H2) are present as minor components.  260 
The type strain is CP153-2T = ATCC BAA-1040T = DSM 16678T 261 
Description of Modestobacter italicus sp. nov. 262 
Modestobacter italicus (i.ta′li.cus, L. masc. adj.  italicus from Italy, where the bacterium was first 263 
isolated). 264 
Colonies are black-coloured, opaque with a moist surface and regular margin. Cells are Gram-265 
reaction-positive. Negative for gelatine and casein degradation. Nitrate is reduced to nitrite. Positive 266 
for starch degradation. Temperature for growth is 26-37 °C and pH 5.0-10.0. NaCl is not needed for 267 
growth; the strain can grow in the presence of 1 % of NaCl but not up to 3 % of NaCl. According to 268 
the Biolog System, it oxidises dextrin, D-cellobiose, turanose, D-glucose, D-mannose, L-rhamnose, 269 
sodium lactate, D-mannitol, glycerol, rifamycin SV, minocycline, L-galactonic acid-γ-lactone, 270 
nalidixic acid, potassium tellurite, tween 40, aztreonam, butyric acid and sodium bromate but not D-271 
maltose, β-gentiobiose, D-raffinose, α-D-lactose, D-melibiose, β-methyl-D-glucoside, N-acetyl-D-272 
glucosamine, N-acetyl-β-D-mannosamine, N-acetyl-D-galactosamine, N-acetyl-neuraminic acid, 3-273 
O-methyl-D-glucose, D-fucose, L-fucose, inosine, fusidic acid, D-sorbitol, D-arabitol, myo-inositol, 274 
D-glucose-6-phosphate, D-aspartic acid, D-serine, troleandomycin, gelatin, glycine-proline, L-275 
alanine, L-arginine, L-aspartic acid, L-glutamic acid, L-histidine, L-pyroglutamic acid, L-serine, 276 
lincomycin, guanidine hydrochloride, niaproof, pectin, D-galacturonic acid, D-glucuronic acid, 277 
glucuronamide, mucic acid, D-saccharic acid, vancomycin, tetrazolium violet, tetrazolium blue, p-278 
hydroxy-phenylacetic acid, methyl pyruvate, D-lactic  acid methyl ester, L-lactic acid, citric acid, α-279 
keto-glutaric acid, D-malic acid, L-malic acid, bromo-succinic acid, lithium chloride, γ-amino-n-280 
butyric acid, α-hydroxy-butyric acid, β-hydroxy-butyric acid, α-keto-butyric acid, propionic acid, 281 
acetic acid and sodium formate. The major menaquinone (> 50 %) is MK-9(H4) but MK-8(H4) and 282 
MK-9(H2) are also found. Dominant fatty acids (> 10 %) are iso-C16:0 and C18:19c. The 283 
peptidoglycan in the cell wall contains meso-diaminopimelic acid.  Ribose, arabinose, mannose, 284 
glucose and galactose are the whole-cell sugars. Polar lipids consist of diphosphatidylglycerol, 285 
phosphatidylethanolamine, phosphatidylinositol and glycophosphatidylinositol. Genomic DNA G + 286 
C content 74.1 %.  287 
 288 
The INSDC accession number for the whole-genome sequence of the type strain BC 501T (= DSM 289 
44449T= CECT 9708T) is FO203431. The GenBank/EMBL/DDBJ 16S rRNA gene sequence 290 
accession number is MK020151. 291 
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 456 
Table 1.Differential phenotypic characteristics of strain BC 501T and the type strains of other species 457 
of the genus Modestobacter. 458 
Strains: 1, M. italicus sp. nov. BC 501T; 2, M. caceresii KNN 45-2bT; 3, ‘M. lacusdianchii’ KCTC 459 
39600; 4, M. lapidis MON 3.1T; 5, M. marinus DSM 45201T; 6, M. multiseptatus DSM 44406T; 7, 460 
M. muralis MDVD1T; 8, M. roseus DSM 45764T; 9, M. versicolor DSM 16678T. Data are from this 461 
study unless indicated otherwise. 462 
  1 2 3 4 5 6 7 8 9 
Colony morphology:          
Colour switch/dark 
colour 
P/P P/P A/A P/P P/P A/A P/P A/A P/P 
According to Biolog 
GENIII microplates, 
it oxidises: 
         
Dextrin + + + + + - +/- + +/- 
D-Maltose - + +/- + + + + + +/- 
β-Gentiobiose - +/- + + + + + - + 
α-D-Lactose - - + + + + + + - 
D-Melibiose - +/- +/- + +/- + + - - 
β-Methyl-D-Glucoside - + + + + + +/- +/- - 
D-Salicin + + + +/- + + + + - 
N-Acetyl-D-
Glucosamine 
- + + + + + + + + 
N-Acetyl-β-D-
Mannosamine 
- + +/- 
 
+ + + + +/- + 
N-Acetyl-D-
Galactosamine 
- - - 
 
+ + + +/- +/- - 
L-Fucose - + + + +/- + + - + 
Sodium Lactate + - - - + - + + + 
D-Sorbitol - + + + + +/- + +/- + 
D-Glucose-6-
Phosphate 
- + - + + + +/- +/- + 
Gelatin - + +/- - + - +/- - - 
Glycil-Proline - - - - +/- + - - - 
L-Glutamic Acid - + - +/- + + +/- + +/- 
L-Pyroglutamic Acid - - - - + + - - +/- 
L-Serine - - + - + - - +/- +/- 
Pectin - + + - +/- - + + + 
D-Galacturonic Acid - - + + - + - - +/- 
Glucuronamide - + - + - + - - +/- 
p-Hydroxy-
Phenylacetic Acid 
- + - - - - - + - 
Methyl Pyruvate - +/- - - - - - + +/- 
Citric Acid - - + - - + - - + 
D-Malic Acid - + + +/- - + + + - 
L-Malic Acid - - + + + + + + + 
Potassium Tellurite + - +/- - - - + + + 
Tween 40 + + + + +/- + + + - 
Polar lipids DPG, 
PE, PI, 
GPI 
DPG, 
PG, 
PE, PI, 
PIM¥ 
DPG, 
PE, PI, 
PIM, 
PLƢ 
DPG, 
PG, 
PE, 
PI, 
PIM§ 
DPG, 
PG, 
PE, PI, 
APL, 
GL, PL 
DPG, 
PE, PI, 
GL, 
2APL,  
DPG, 
PG, 
PE, 
PI, 
PIM§ 
DPG, 
PG, 
PE, PI, 
GPI, 
AL, 
2APL 
DPG, 
PG, 
PE, PI, 
PL, 
GPI 
Diagnostic sugar Rib, 
Ara, 
Man, 
Glu, 
Gal 
Rham, 
Rib, 
Ara, 
Glu¥ 
Rham, 
Rib, 
Ara, 
Man, 
Gluc, 
GalƢ 
Rib, 
Ara, 
Glu, 
Gal§ 
Rib, 
Ara, 
Man, 
Glu 
Rib, 
Man, 
Glu,  
Rib, 
Glu, 
Gal§ 
Rib, 
Ara, 
Man, 
Glu, 
Gal 
Rham, 
Rib, 
Man, 
Glu, 
Gal 
          
Menaquinones(MK)#* 
MK-
9(H4), 
MK-
8(H4), 
MK-
9(H2) 
MK-
9(H4) ¥ 
MK-
9(H4)Ƣ 
MK-
9(H4)§ 
MK-
9(H4), 
MK-9, 
MK-
10(H4) 
MK-
9(H4), 
MK-
9(H6) 
MK-
9(H4)§ 
MK-
9(H4), 
MK-9, 
MK-
8(H4) 
MK-
9(H4), 
MK-9, 
MK-
9(H2) 
 463 
P, present; A, absent; +, positive reaction; –, negative reaction; +/-, ambiguous; DPG, diphosphatidylglycerol; PG, 464 
phosphatidylglycerol; PE, phosphatidylethanolamine; PI, phosphatidylinositol; GPI, glycophosphoinositol; PIM, 465 
phosphoinositolmannoside; AL, aminolipids; APL, aminophospholipids; GL, glycolipid; PL, unidentified phospholipid; 466 
Ara, arabinose; Gal, galactose; Glu, glucose; Man, mannose; Rham, rhamnose; Rib, ribose; MK, menaquinones. 467 
 468 
＃The components are listed in decreasing order of quantity. 469 
*Only components making up ≥ 1 % peak area ratio are shown 470 
¥ Data are from Busarakam et al. [3] 471 
§ Data are from Trujillo et al. [5] 472 
ƢData are from Zhang et al. [4] 473 
 474 
 475 
 476 
Figure legends 477 
Fig. 1. Polar lipids profiling of strain BC 501T (a), M. marinus DSM 45201T (b), M. multiseptatus 478 
DSM 44406T (c), M. roseus DSM 45764T (d) and M. versicolor DSM 16678T (e) after separation by 479 
two-dimensional TLC using the solvents chloroform:methanol:water (65:25:4; v:v:v) in the first 480 
dimension and chloroform:methanol:aceticacid:water (80:12:15:4; v:v:v:v) in the second one. Plates 481 
were sprayed with molybdatophosphoric acid (3.5 %; MerckTM) for detection of the total polar lipids. 482 
DPG, diphosphadidylglycerol; PG, phosphadidylglycerol; PE, phosphatidethanolamine; PC, 483 
phosphatidylcholine; PI, phosphatidylinositol; GPI, glycophosphatidylinositol; APL 1-3, unidentified 484 
aminophospholipids; GL, unidentified glycolipid; PL, unidentified phospholipid; AL 1-5, aminolipid; 485 
L1-8, unidentified lipids. All data are from this study. 486 
Fig. 2. Maximum likelihood phylogenetic treeing based on the 16S rRNA gene sequences and 487 
showing BC 501T phylogenetic affiliation within Geodermatophilaceae. Only bootstrap values higher 488 
than 50 % are shown above the branches. 489 
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